, each cation adopts a chair conformation. In the crystal, the hydrogen sulfate ion is connected to the sulfate ion by a strong O-HÁ Á ÁO hydrogen bond. The packing also features a number of N-HÁ Á ÁO hydrogen bonds, which lead to a three-dimensional network structure. The hydrogen sulfate anion accepts four hydrogen bonds from two cations, whereas the sulfate ion, as an acceptor, binds to five separate piperidinium cations, forming seven hydrogen bonds.
Chemical context
Hydrogen bonding is a powerful and versatile tool commonly used in crystal engineering to design, combine and organize individual organic molecules in solids, thus creating new materials with tunable physical properties. Simple organicinorganic salts seem to be good candidates for this purpose because of the flexibility of their special structural features such as polarity and their promising potential applications in chemistry. Not of less importance would be the use of inorganic oxyanions, which are very attractive as inorganic building blocks due to their shapes and diverse reactivity in aqueous solutions. In recent years, sulfates and hydrogen sulfates of organic bases have found applications as ionic liquids (George et al., 2015) . Therefore, the results of a structural study on a new molecular salt obtained from piperidine and sulfuric acid are reported here.
Structural commentary
In the title compound, 3C 5 H 12 N + ÁHSO 4 À ÁSO 4 2À , (I), the asymmetric unit comprises three independent protonated piperidinium cations, one hydrogen sulfate anion and one sulfate anion (Fig. 1) . The geometries of the three cations are similar, possessing chair conformations. The N-C and C-C bond lengths are in the ranges 1.489 (2)-1.4978 (19) Å and 1.518 (2)-1.530 (2) Å , respectively. The C-C-C, C-C-N and C-N-C angles are in the ranges 109. 69 (13)-111.42 (13), 109.20 (12)-110.29 (12) and 112.01 (11)-112.30 (12) , respectively. These values are in good agreement with those reported in the literature (Lee & Harrison, 2003) . Within the cationanion unit, the N atoms of the three piperidinium cations are ISSN 2056-9890 connected to the O atom acceptors of the HSO 4 À (O11-O14) and SO 4 2À (O21-O24) anions by five N-HÁ Á ÁO hydrogen bonds (Table 1) 
Supramolecular features
The crystal structure of (I) features N-HÁ Á ÁO and O-HÁ Á ÁO hydrogen bonds (Table 1, Fig. 1 ). The N atoms of the piperidinium cations are involved in hydrogen-bond formation, as donors with oxygen atoms of the sulfate and hydrogen sulfate anions. The sulfate-bound O atoms, which act as acceptors, link the organic molecules through rather strong hydrogen bonds, forming a two-dimensional network of hydrogen bonds giving rise to layers parallel to (100). The hydrogen sulfate ion accepts four hydrogen bonds from three cations, whereas the sulfate ion, as an acceptor, binds to five piperidinium ions, forming seven hydrogen bonds in the overall three-dimensional structure (Fig. 3) .
Database survey
Crystal structures of piperidinium cations with counter-anions such as hydrogen sulfide, arsenate and violurate (Smail & Sheldrick, 1973; Lee & Harrison, 2003; Kolev et al., 2009 ) and other mixed compounds (Banerjee & Murugavel, 2004; Mohammadnezhad et al., 2008; Xu et al., 2009; Anderson et al., 2011; Hoque & Das, 2014) have been reported.
Synthesis and crystallization
The title compound was prepared by the reaction between 3 ml (0.03 mol) of piperidine (Aldrich, ReagentPlus, 99%) and research communications 1445 Table 1 Hydrogen-bond geometry (Å , ). 
Figure 1
The asymmetric unit of (I), showing the atom-numbering scheme. Displacement ellipsoids are drawn at the 50% probability level. Hydrogen bonds are denoted by cyan dashed lines.
Figure 2
The fragments of HS 2 O 8 3À anion pairs, formed from HSO 4 À and SO 4 2À anions via strong O-HÁ Á ÁO hydrogen bonds (cyan dashed lines).
Figure 3
Projection of the crystal structure of (I) on the (100) plane. Hydrogen bonds are denoted by cyan dashed lines.
3.1 ml (0.012 mol) of 30% aqueous sulfuric acid solution. The reaction mixture was continuously stirred for 15 minutes at 323 K and then allowed to cool down to room temperature. The final pH value was 2. The mixture was kept at room temperature over a period of several months, after which it was cooled in a refrigerator (T ' 278 K), giving colourless crystals of the title compound after a few weeks.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The positions of hydrogen atoms of the amines and the hydrogen sulfate anion were initially located in difference Fourier maps but were subsequently allowed to ride in the refinement with O-H = 0.84 and N-H = 0.91 Å and with U iso (H) = 1.2U eq (N) or 1.5U eq (O). The H atom of the hydrogen sulfate anion was refined with the SHELX AFIX 147 instruction. Piperidinium C-bound H atoms were placed in geometrically idealized positions and also allowed to ride, with C-H = 0.99 Å and U iso (H) = 1.2U eq (C). program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: DIAMOND (Brandenburg, 1997) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009) .
Tris(piperidinium) hydrogen sulfate sulfate
Crystal data Symmetry codes: (i) −x+1, −y+1, −z+1; (ii) x, −y+3/2, z+1/2; (iii) x, −y+3/2, z−1/2.
